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(Paper No. 2348.) 

“ The Practice of Surveying in the Australasian Colonies.” 
By SAXUEL KINGSTON VICKERY,  Assoc. M. Inst. C.E. 

THE conditions under  which  surveying operations are conducted i n  
countries in  which  settlement  is  in progress differ so widely from 
those prevailing i n  older  countries, that  the method obtaining i n  
the  Australasian Colonies may  be of interest to members of the 
Institution, and of service to young engineers who  may contemplate 
practising  their profession there. In  those Colonies, there is no 
branch of the profession of a civil engineer-if those which belong 
t o  the  architect  and mechanist may  be excepted-which is not 
practised directly  under  the control of the  State;  and  this  rule 
applies more especially  to the branches in which  surveying occupies 
a prominent part.  Railway  surveying,  as  well  as construction, is 
in  the  hands of the  Railway  Departments;  building surveyor’s 
work, so far  as  public works are concerned, is undertaken by the 
Public  Works  Departments ; irrigation surveys, including  storage 
and  reticulation,  by  the  Water  Supply  Departments ; underground 
surveying by the  Mining  Department;  whilst  subsidiary road 
surveying,  though now chiefly carried out  by  the local governing 
bodies, is under  departmental supervision, and  the officers employed 
are required  to qualify themselves by examination. Surveys  which 
are immediately  under  the control of the  departments of Lands  and 
Survey  are performed almost exclusively by salaried officers, or by 
those  who  are ‘( authorized,” on either Crown lands or sold lands 
intended  to be brought  under  the operation of the  Transfer of Lands 
Statute.  Plans of surveys made by unauthorised persons are  not 
officially recognized. All authorized  surveyors are obliged to 
comply with  the  regulations issued in  the form of departmental 
instructions,  or  bearing  the force of an  “Order  in Council.” 
Particulars  about  the examinations  for selecting certificated sur- 
veyors  are  given in  Appendix I. 

Each colony is  usually divided into  survey  districts,  and each 
district is placed under  the control of a  salaried inspecting officer. 
These  districts  are sub-divided into divisions,  each being assigned 
t o  an authorized  surveyor,  to whom orders for departmental work 
are  transmitted.  This officer is  not salaried, being remunerated by 
fees fixed by regulation, and is removable at  the pleasure of the 
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Surveyor-General. When a  vacancy occurs in  one of these divisions, 
selection is made  from the  list of those holding a  certificate of 
competency obtained by examination. The  inspecting officer has 
full control in  his  district.  He makes  periodical  examinations of 
authorized surveyors’ work in  the field, inspects their  instruments, 
field-books, &C., and certifies  to all accounts. Inspecting surveyors 
are  under  the immediate  control of the Surveyor-General. The 
higher classes of surveying,  including minor triangulation,  are 
performed exclusively by staff officers ; and  ordinary sectional or  
block surveying,  embracing  the  laying  out of towns and roads, is 
chiefly  executed by authorized  surveyors. The  latter work, though 
theoretically simple, demands the exercise of considerable care, 
judgment,  and observation,  on the  part of the surveyor,  who is 
expected to  study  the  interests of the  State  in  all  his operations. 
The  system of examination and  departmental supervision is now SO 

complete in   the various colonies, that a very  high  standard of 
efficiency has been attained  by those employed. 

The Author  has  had occasion to test  the accuracy of the  survey 
of single blocks of 320 acres in  the  heart of steep,  scrubby, and 
heavily timbered  ranges, in  which  the  error of arc was  found 
to  be  under l’, and  the error in  linear measurement under  three 
links  in  either  latitude  or  departure.  Appendix I1 gives an 
illustration of a block of 320 acres, through  which a check line  was 
projected by  the  Author  showing  the errors of ‘‘ closing ” to  have 
been limited to 0” 0’ 30” in  angular,  and 0.1 link  in  linear measure- 
ment. The  survey  had been  made with a Cook‘s five-inch 
theodolite, and a steel  band of 66 feet. The form of plan shown is 
that adopted by the  Victorian  Survey  Department;  but  those 
required  by  other colonies are  substantially similar. The dimen- 
sions  on the  plan  furnished  must ‘‘ close ” geometrically, and  the 
maximum difference admissible  between it and  the field-notes is not 
to exceed 2‘ in  arc, or the  tangential  equivalent on the  length of 
any line.  Chainage by  the  “stepping ” process is permitted;  but 
when  the slope of the  ground exceeds 5” from the level, it is 
preferred that  the  angle should  be measured on the  vertical  arc 
of the  instrument,  and used for reducing  the measurements  to the 
horizontal plane. Although  in  the  illustration given, the ‘‘ closing ’’ 
errors  are  very trifling, it does not follow that  the work is  as 
accurate  as  the  test would a t  first sight make it appear. Every 
operation in  the field, no matter how simple or carefully done, is 
attended  with a certain practical error;  and  the summation of such 
errors  may be either  cumulative  or counteractive, and possibly in 
the  instance  given  they  may  have acted in  the  latter  way HaCi 
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the  survey represented by  the  plan been effected on it hot day in 
summer,  and the check line measured  on a cold winter  day,  there 
would  have  been  a possible error in closing " of 3 4 links  in 
latitude,  and 4 . 2  links  in departure. For a  line 1 mile  long, 
measured in  the  winter time with a  steel  tape 66 feet in  length, 
may  vary  nearly 5.5 links from a line measured with  the same 
chain in the summer  time,  from the effects of the variation of 
temperature  alone in   t he  Colony of Victoria. The mean  monthly 
range of temperature to  which  a  surveying  chain would be subject 
there,  varies  from 43.8' in winter  to 54.7' in  summer;  and  the 
variation in  length  in 1 mile  would be :- 

Winter . . 
66' X 54.7O X 0.000006886 X 80 = 1.988787 = 3.01 Summer . 
66' X 43.8' X 0.000006886 X 80 = 1.592484 = 2.41 

or,  between the  winter  and summer  measurements (2.41 + 3-01) 
5 -42 links ; whilst,  as  there  are some days in  summer when the heat 
is phenomenally great, it is possible  for the expansion  and con- 
traction  to exceed this estimate.  Another  cause  which  operates 
against accuracy in  chaining  is  the error  due to  the  unequal 
tensile  strain  employed;  the extension in  1 mile with a 66-foot 
steel band, having  an effective sectional  area of g' X &'l, being 
0.667 link  where  a  strain of 30 Ibs. is used, the  results  varying 
according to the  strain  and sectional area.. A  still more potent 
cause of error is  when  the measurements are made on inclined 
ground,  necessitating  the  suspension of the  tape used, a steel  tape 
of 6  lbs.,  used with  a  tensile  strain of 30 lbs., giving  an error of 
13.44 links per mile," due to  the  sagging or curvature of the 
tape. 

Even  with  the  aids of a thermometer to  regulate  the allowance 
for differences in temperature,  and a spring  attachment to  regulate 
the tensile  strain,  practical  errors in linear  measurement in  the 
general  survey  can  only be eliminated  where  they  are based upon, 
or connected with,  standard  lines  laid down in connection with 
geodetic  or  trigonometrical work. 

It is  patent  that  in a new colony where the population is  still 
sparse,  and  the  territory  unalienated,  a geodetic or trigonometrical 

Transactions of Vict. Inst. of Surveyors, vol. ii. Papcr by Captain  Kielly. 
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survey  should  be  undertaken in  the first place ; then  the  principal 
streams  and  mountain  ranges delineated, and  the  quality of the 
land noted and classified ; and finally, the most suitable courses for 
main roads  determined before the sub-division of the colony into 
blocks  for the purpose of settlement is commenced. This course is, 
however, unfortunately seldom practicable, the  preliminary work 
being  liable  to be interfered  with  through influence brought to bear 
on Parliament by those  anxious for immediate  settlement, and the 
too frequent  readiness of the Government of the  day  to abandon or 
postpone scientific but  unremunerative operations, in  favour of those 
which  tend  directly  to feed the revenue. In some  of the colonies, 
however, minor  triangulation,  generally  depending on either  major 
triangulation  or meridional  circuit, has preceded or is being 
carried  on  concurrently  with  settlement  and sectional  surveys, b y  
which means future  trouble is avoided by  permitting  the technical 
description of boundaries of each holding to  be expressed correctly 
with  relation  to  the  true meridian. But  while  neither  the 
meridional  circuit nor major triangulation  surveys  are sufficiently 
refined for purely scientific purposes, the  data  which  they  supply 
will  be of great  practical  value  in  the  future,  the  referring  points 
being  permanently fixed and  available for obtaining azimuths. 

In the colonies, or parts of them to which geodetic operations 
have  not been  extended, settlement or sectional surveys  must  be 
connected with  or based on the nearest  boundary, the accuracy of 
the  bearing of which  has been recognized and adopted. Where no 
reliable  datum for bearings can be obtained within a  reasonable 
distance, the  surveyor is required  to project a true meridional line 
on the ground by one of the approved methods, and base his work 
upon it. 

Repeated  checks  made by  the  Author  have convinced him  that, 
with  the use of a light  steel band of length  varying from one chain 
to  ten chains,  according to  the  chqacter o f  the  country in which 
the operations may lie, and a good 5-inch transit theodolite, the 
maximum  degree of errors stated as being allowable by the Govern- 
ment  survey  departments  is  not too small. 

[APPENDIXES. 
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A P P E N D I X E S .  

APPENDIX I. 

EXAHINATION OF SURVEYORS. 

Each department has  its own board of examiners;  and the subjects  for 
examination, i n  order to obtain a license, depend upon the description of 
work required. For example, municipal surveyors, besides acquaintance  with 
the ordinary subjects, are obliged to possess all  the knowledge necessary for 
road and bridge construction, and  the  setting  out of works ; mining surveyors, 
i n  addition to underground surveying, must  understand  practical mining, and 
the machinery and appliances used in connection therewith; water-supply 
surveyors  must prove themselves acquainted with  hydraulics;  and those 
employed by the  Lands Departments, with whom this  Paper doals more par- 
ticularly, before receiving certificates of competency, are examined in (U) the 
construction, adjustment, and use of the theodolite, level, and other modern in- 
struments; ( b )  the principles and practice of subdivisional, topographical, and 
road surveying; (c) practical  trigonometry; (d) computation; (e) plotting by 
ordinates and otherwise ; (f) charting  and drawing. Additional special subjects 
are (a) practical geodesy, including  the determination of latitude  and longi- 
tude  by prime  zenith distance, and  by prime vertical observation of the  true 
meridian by astronomical observations, and of the relative latitude  and longitude 
by triangulatiou ; (b)  spherical trigonomctry and trigonometrical analysis; 
(c) setting out of curves, and computations therewith ; (d)  levelling and mensu- 
ration of earthwork. These examinations generally  extend  over it period of 
from five to seven days of eight hours each;  and about 30 per cent. of the 
candidates  presenting  themselves succeed in passing. The subjects  vary in 
detail  in  the different colonies ; but  the examinations are  practically of equivalent 
value. I n  some instances certificates are granted  without examination, the fact 
of their being so obtained being  stated. In  Victoria, these  are  granted,only under 
the following conditions :-Having passed some examination-equivalent  in the 
opinion of the board to that prescribed in Victoria-in Great  Britain, the  United 
States of America, India, or some British colony, and having been in practice 
during not less than one year ; having been engaged in  that colony under some 
authorized surveyor for not less than six mouths, and having  a favourable report 
on his qualifications from the Surveyor-General, or the Inspccting Surveyor in 
charge of thc district in which the applicant has been employcd. 

APPENDIX 11. 

SURVEY OF BLOCK, WITH CFIECK LINE. 
Parish of Bunnugal. County of Ripon. 

Geological  Formation.-Newer  voIcanic, covered by recent  tertiary. 
Physical Cmformation.-Fern-banks and swamps. 
Soil.-Poor, sandy. Vegetation.-She oak, gum, peppermint, and ferns. 
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FIG. 1. 

CLOSURE and AREA of BLOCK. 

Bearings. I Dist. 1 N. I S. 1 E. I W. 1 W .  L. ~ N. Areas. S. 

S. 89O 59' E. 
South . . 
East. 

S. 71° 53' W. 
S. 330 47' W. 

N. Oo 3'W. 
S. 89' 58' W .  

S .  00 3' E. : 
1 . 5  

.. .. .. .. .. 

.. 
41276 
.. 

144.71548 
0,13412 

169.j6390 
130.75106 
194.93518 

0.03805 
.. 

Area, 319a. 3r. 18p. 
2)639.72503 

A. 319.86251 
R. 3.45004 
P. 18.00160 
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CLOSURE of CHECK LINES, WEST PORTION of BLOCK. 

Bearings. I Dist. I N. 1 S. I E. I W. 

S. 89” 59‘E. . . 
S. 31’3’E. . . 
S.  71O 53’W. . . 
S. 89O58’W. . . 
S. 33047’W. . . 
N. 0” 3’ W. . . 

Links. 
2,996.5 
3,629.0 

483.0 
3,379.0 
2,525.0 
6,070.0 

Links. ,. 
.. .. .. 

6,0?0*0 

Links. 
0 . 0  

3,109.0 
150.2 

2,808.5 
1 . 5  

.. 

-- 
Links. Links. 

2,996.5 .. 1,871.8 
.. 

.. 

5 . 2  .. 2,525.0 .. 1,878.9 .. 459-1 
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